In this paper, a dynamic model of mobile sources of air pollution is used to predict emission levels from a vehicle population within a monitoring system over time. This model is also used to assess the effectiveness of applying a new gas exhaust standard. Regarding the results in relation to vehicle type, HDVs (heavy duty vehicles) were the main sources of NO x and PM, accounting for 57% of NO x and 70.1% of PM emissions in Ulaanbaatar, Mongolia. The HDVs and other vehicles more than 10 years old, accounted for a significant proportion of the total pollution. In comparing 2015 with 2040, the total vehicle population was increased 3.9 times, the total vehicle emission level was increased 4.3 times. The emission level of NO x , PM and CO 2 was increased about 4.2 times, and CO was increased 2.8 times. We made an emission estimate to apply the Euro 4 and 5 standards in Ulaanbaatar by 2 scenario. The result of scenario 1, by converting to the Euro standard, the emission level in the real situation shows that NO x was 1/3, PM was 1/7-1/37, and CO was 1/3-1/5. As a result for the scenario 2, the emission level in the real situation reduced that NO x 0.8-22%, PM 10-38%, and CO 4-27%.
INTRODUCTION
Air pollution in urban areas is a growing concern throughout the world. Among the primary sources of urban air pollution are mobile sources (light duty and heavy duty vehicles). Vehicles burn gasoline or diesel fuel in their engines and emit carbon monoxide (CO), oxides of nitrogen (NO x ), unburned hydrocarbons (HC), and other airborne toxins (e.g., formaldehyde, benzene, or acetaldehyde). To better understand the role of mobile-source emission in urban areas, we need to develop models that can help to predict total emission from these sources 1) .
Nowadays, the level of air pollution in the capital city of Ulaanbaatar, Mongolia, is increasing significantly. Its major contributors are raw coal combustion and automobile emission. In the last decade, the population of this capital city has increased 1.5 times and the number of vehicles has increased 4.5 times. As a result, the auto-road traffic and related congestion has intensified. Statistics for 2015 indicate that there were 331.5 thousand vehicles in Ulaanbaatar, and that 72% of all vehicles were more than 10 years old 2) . In connection with the living standard in Mongolia, most vehicles are second hand.
For environmental data, particulate matter (PM 10 , PM 2.5 ) and nitrogen dioxides (NO 2 ) concentrations on the roadsides of Ulaanbaatar are 1.4 to 4.3 times higher than the Mongolian National Air quality standards (MNS), and the annual average concentrations are (187-215, 50-79, and 41-65) µg/m 3 , respectively. This is 1.02-10.7 times higher than the WHO standard ratio (see Table 1, Table 2 ). As shown in Fig. 1 , NO 2 in particular, exceeds the MNS at roadside monitoring stations over the whole year and on 97% of all measuring days 3) . The level of Mongolian air quality national standard is two times higher than the WHO air quality standard 4) . Virtually all environmental problems are inherently system dynamics problems. They all deal with environmental phenomena that change over time (i.e., they are dynamic) and involve numerous interrelated components (i.e., they are systems). Computer-based models of environmental systems help to understand how the environment changes and to make predictions on how it might evolve in the future 1) . In this study, we used the modeling software "Stella Professional" 5) to create an auto cohort model with leakage, to estimate and predict vehicle emission, and to assess the effectiveness of a new gas exhaust standard by the year 2040.
METHODS
This study was conducted using data published by the Capacity Development Project for Air pollution Control in Ulaanbaatar city and with data from the Statistics Department of Ulaanbaatar.
To calculate emission from a given population of vehicles, the following equation was used 1) :
Ei -the total annual emission of pollutant i (grams/year) Vj -is the total number of vehicles of type j on the road during that year (vehicles) VKTj -the average annual kilometers traveled for vehicle of type j (km/vehicle/year) EFij -the average emission of pollutant i for vehicle type j (grams/km). (Note that EF is "emission factor.") (1) Vehicle classification and statistical data According to the emission inventory, vehicles are classified in two main groups: Light duty vehicles (LDVs) and heavy duty vehicles (HDVs). These two groups are classified into smaller groups according to their age of use in the statistical data. In this research, the trucks are classified as small trucks (GVW<3 ton) or trucks (GVW>3 ton) based on their gross vehicle weight. The buses are sorted by the total distance they are driven annually (VKT). Public buses are for public transport and private buses are for personal use. Moreover, the buses are further subdivided by capacity: 10-16 seats, 17-25 seats, and 26-45 2), 6) . The structure of the vehicle classification used in this research is shown in Fig.2 .
The research did not estimate motorcycle emission because motorcycles account for only 0.43% of total vehicles 2) , and also because there is currently no emission-factor measurement result for motorcycles.
The traffic vehicle data for Ulaanbaatar city, which was provided by the city Statistics Department, is shown in Fig.3-4 , and Table 3 . 
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Comparing the statistical data of 2015 with that of 2007, the total vehicle population has increased 3.6 times, the number of buses increased 1.8 times, and the number of trucks increased 4.3 times. The average growth in the number of vehicles was 17%.
In comparing the statistical data of 2015 with that of 2007, the number of vehicles that have been in service more than 10 years has increased 5.1 times, and has increased rapidly since 2009.
Regarding vehicle categories, in 2015, data shows that 77.5% were passenger cars, 19% were trucks, and 3.5% were buses.
(2) The annual distance driven per vehicle
We used VKT data of Capacity development project for Air pollution control in Ulaanbaatar city report, but there was no VKT data for trucks and private buses 6) ; therefore, we guessed those data (Table 4) . We guessed that VKT of trucks (GVW<3 ton) and private bus (10-16 seats) were the same as passenger car because there is not any VKT data of truck and private buses in Mongolia; also the use of these types of vehicles is common. The trucks (GVW<3 ton) are usually used for carrying goods and services. The trucks (GVW>3 ton) are uncommon because it is prohibited on the main road of the capital. If they want to travel on the main road, they need a permit 7) . The private buses (10-16 seats) were usually used for public transport and personal use; however, the private buses (>16 seats) were only used for personal use. This is why VKT data of trucks and private buses is half of the passenger car except trucks (GVW<3 ton) and buses (10-16 seats).
(3) Emission factor
Currently, an emission factor standard based on vehicles in Mongolia has not yet been developed, but research on emission factors of vehicle was begun in Mongolia in 2014. The measurements, which included emission concentrations of nitrogen oxides (NOx) and particulate matter (PM), were conducted using 18 vehicles. Three of these vehicles were HDVs 6) . The emission factors are closely related to traffic speed; therefore, we needed to know the average traffic speed in Ulaanbaatar city. Data on traffic speed was selected using as source a vehicle detection system (VDS). A VDS was positioned at 24 measure points. The data was adjusted to match using the average weight method. The daily average speed on the road was 30 km/h 8) . The emission factor was selected with regard to the classification and age of the vehicles. With lower speed, the emission factor increased. The graph of the emission factor is shown in Fig.5 .
The gasoline and diesel used in Ulaanbaatar contain more sulfur and lead than do the fuels used in . Fig.4 Age of vehicle population 2) . 
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Japan. Although the average vehicle maintenance level, road condition, and fuel quality are different with Japan, the emission factors for other pollutants were selected from the Japanese emission factors except for NO x and PM 6) because 65.4% of all vehicles and 74.8% of all passenger cars were manufactured in Japan 2) . Furthermore, to measure emission factors of NO x and PM using Japanese equipment and method 6) . According to the measurement result of NO x and PM, the amount of emission factors were different depending on vehicle age. For example, NOx emission factor of gasoline vehicle with engine >660cc was same quantity as Japanese emission factor (0-3 years old ≈ Japanese emission factor 2005, 4-9 years old ≈ Japanese emission factor 2000, over 10 years old ≈ Japanese emission factor 1978). To select the emission factors of other pollutants using that relationship, in other words, to compare real measurement result of NOx, PM and Japanese emission factor table.
For vehicles with diesel engines, the emission factor unit is gram/kilometer/ton (g/km/t); therefore, it is necessary to multiply by GVW. The GVW of a LDV is 2.3 ton and of a HDV is 15.7 ton 6) .
(4) Establishing dynamics model by Stella
Stella Professional is dynamic modeling software which helps researchers understand how the environment modifies and to make predictions on how it evolve in the future.
An "age-based cohort model" divides a population a number of different subpopulations (or cohorts) based upon age. Cohort models are used to model populations in which the activities of certain cohorts in those populations need to be tracked, and where the relative sizes of the cohorts can change dynamically over time 1) . When determining actual emissions from a population of vehicles, however, we must recognize that emissions from different makes, models, and age of vehicles are not identical. Vehicle size is a factor because they need to consume more fuel per mile driven. Thus, their emissions per mile tend to be higher. Vehicle age is a factor because as a vehicle gets older and accumulates miles, engine wear, improper maintenance, and loss of efficiency in catalytic converters lead to higher emissions. The Stella model included seven vehicle submodels, based on the seven vehicle classifications used for Ulaanbaatar. The submodels included divisions of the vehicle population into four different subpopulations (cohorts) based upon age. We could also add leakages for each cohort. These leakages represent untimely vehicle scrappage, either due to accidents or breakdowns. Finally, we added an emissions component because we wanted to use the vehicle model to conduct an emissions inventory 1) . The time in service of a LDV was considered 20 years; 25 years for a HDV. The number of vehicles purchases new easy year was defined by the composition of the average exponential growth rate from 2007 to 2015, and the total number of vehicles in each vehicle classification (Fig.6 ).
RESULTS AND DISCUSSION (1) Traffic emission in Ulaanbaatar city
In comparing the results in relation to vehicle classification, the HDVs were the main sources of I_186 NO x and PM, accounting for 57% of NO x and 70.1% of PM emissions.
The LDVs accounted for 58.4% of HC, 87.2% of CO, and 78.9% of CO 2 . By vehicle age, 3.7% of the total emissions were from vehicles 0-3 years old, 25.9% from vehicles 4 to 9 years old, and 70.4% from vehicles > 10 years old. The emissions of PM and NO x were 1-2% from 0-3 year old vehicles, 11-13% from 4 to 9 year old vehicles, and 85-87% from 10 year old vehicles. The traffic emission calculated for 2015 is shown in Table 5 and 6 
. (2) Predicting emission in Ulaanbaatar city
The research also predicted a trend in vehicle emissions from 2015 to 2040. For the vehicle population, the vehicles over 10 years old were usually the highest number, even though the proportion could be reduced. This class accounted for 41.4% of total vehicles in 2040. The number of vehicles up to 3 years old, tended to increase rapidly from 2018. The vehicle population did not increase monotonously and the vehicle population except 0-3 years old decreased until 2020. It depended on the transit time of Cohort model. Each cohort (except the last) has a transit time (for LDV, first cohort-3 years, second cohort-5 years, third cohort-9 years). Thus, vehicles enter the first cohort, "ride" it for 3 years, and then enter the second cohort 1) . In comparing this result with that from vehicle classification, there was no difference: the HDVs were still the main sources of NOx and PM and the LDVs were the main source of HC, CO, and CO 2 . The vehicle emission tended to increase gradually from 2015 to 2027; then increased rapidly until 2040. The increase rate of emission was same quantity during that time. It is related to the growth of vehicle population. In comparing 2015 with 2040, the total vehicle population was increased 3.9 times, the total vehicle emission level was increased 4.3 times. The emission level of NO x , PM and CO 2 was increased about 4.2 times, and CO was increased 2.8 times. As the vehicle population increases inevitably, increase in traffic congestion. Currently, most of the major intersections in the city center are severely congested, resulting in average speeds of 5-8 km per hour near the center of the city during peak hours 9) . So that vehicle population increasing 4 times is not possible, not to improve traffic management and road condition, expand and build new roads network. That is why we imagine the traffic congestion will not be big trouble in future. The vehicle emission in Ulaanbaatar from 2015 to 2040 is illustrated in Fig.7-12 . 
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We aimed to assess the effectiveness of applying a new gas exhaust standard. For that, we compared the real situation and 2 kind of scenario in which the new gas exhaust standard was applied.
In this scenario 1, The Euro 4 standard for all vehicles was applied from 2015, and the Euro 5 standard for all vehicles from 2020 10) . Hopefully, it is possible that the fuel quality, average vehicle maintenance level, and road situation will be improved. In Mongolia, all vehicles must be inspected to ensure that it conforms to regulations governing safety and emissions (HC, CO, CO 2 ) every year. However, the emission standard is not emission factor standard. Its measurement method is Non-Dispersive Infra-Red (NDIR) 11) . The Euro standard is new in Mongolia, so it is difficult to apply Euro 4 or 5 standard for all vehicles. Since this scenario is an ideal scenario, we set up the scenario 2 as an additional scenario. In this scenario 2, the Euro 4 standard for all vehicles except vehicles with over 10 years old was applied from 2015, and the Euro 5 standard for all vehicles except vehicles with over 10 years old from 2020 10) The result of scenario 1, by converting to the Euro standard, the emission level in the real situation shows that NO x was 1/3, PM was 1/7-1/37, and CO was 1/3-1/5 ( Fig.13-15) .
As a result for the scenario 2, the emission level in the real situation reduced NO x 0.8-22%, PM 10-38%, and CO 4-27% (Fig.16-18) . Euro standards emission level was close to the real situation until 2021, it was related to the vehicle population up to 10 years old dominated from 2021. Although vehicle population up to 10 years old was 27% of total population in 2015, it was 59% from 2023 until 2040 (Fig.19) . The level of NOx emission in Euro standard was more than real situation in 2015 because the emission factor of the vehicle with 0-3 years old in a real situation was lower than Euro standard (Fig. 16) . 
CONCLUSIONS
The age-based cohort model for vehicles is a useful tool for prediction and for assessing regulatory mechanisms for vehicle emissions. It also gave us the chance to identify which vehicle cohort would contribute the most to the annual emissions.
The HDVs and vehicles in service for more than 10 years accounted for a significant proportion of the total pollution.
Considering the measurement results, the emission factors in Mongolia are higher than the emission standards in other countries, and differ for the same vehicle category depending on the vehicle age. This is why we select to create an emission factor for each age group and category of vehicle. The high emission factors of vehicles in Mongolia are due to the lack of a vehicle emission standard there, and to the fuel quality.
Leaded gasoline and the high sulfur-content gasoline and diesel are used in Mongolia. Currently, the fuel standard of Mongolia is similar to the Euro 2 standard. Analysis of fuel samples indicates that sulfur is 2-6 times higher and lead is two times higher than in the Euro 4 standard for gasoline, and sulfur is 28 times higher than in the Euro 4 standard for diesel 6) .
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